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Description 


Tha present invwHion ralatae to a reactor for corv 
ducting a continuous multi-phase catalytic reaction and 
is particularly, though not exclusively, appficabe to the 
catalytic conswrsion ol syngas, produced by the refomv 
ing of methane, to hydrocaitxjn tuels. ti/ a Rscher- 
Tropsh type ol synthesis. Other reaction systems tor 
which the wtratus would bo suitable include varmus 
slurry reactions tor the production of petrochemicals, 
the production of oxygenates from synthesis gas and 
dehydrogenalion reactions. 

Tliree-phase catalytic reaction systems are used in 
a nuirtwr of chemical processes and their application in 
the petrochemical industry appears to be increasing. Of 

the three-phase systems in use, mechanically agitated 
loop and bubble column slurry reactors contain small 
catalyst particles dispersed in the liquid. In most appli- 
cations, the liquid will have to be separated from the 
slurry to remove Squid products a for catalyst regener- 
ation purposes. In those cases where the liquid n an 
in«rt medium, occasionally, it may have to be replaced 
due to degradation or the build-up of irnpurities. 

Mechanically agitated slurry reactors are particu- 
larly convenient tor batch processes due to the low 
mass-transfer and heat resistance. These features also 
make them suitable far the determination of reacton 
Kinetics in the laboratory. A serious disadvantage and 
lirntation of this reactor type, however, is the diflculty in 
the sepamlion of catalyst particles m any continuous 
operation. 

Commercialy, it is only mechanicaly agitated reac- 
tors that are used In the hydrogenallon of double bonds 
in oils from cottonseed, soybean.corn, sunflower, etc. 
By enptoying a nM catalyst, the products include 
margarine, shortening, soap and greases. The choice 
of reactor is based on the low diffusivities and high vis- 
cosities of the fatty oils. Fixed-bed operation has been 
proposed due to the advantage of completely catalyst- 
free products without titration. A number of other hydro- 
genation reactions are also can-ied out in agitated reac- 
tors e.g. the hydrogenation of nitro compounds. 

The operation of bUbWe column slurry reactixs is 
8invle.since mechanically moving parts are avoided. 
Corrtined with the low dHfusional resistance and effi- 
cient heat transfer, these reactors are attractive for 
many Industrial processes. However. solW-llquid sepa- 
ration is usually performed outside the reactor m elabo- 
rate flHermg and settling systems. The catalyst slurry « 
to be recycled to the reacta. sometimes with the use ol 
a slurry punp. Thus, serious problems may been coun- 
tered in the continuous operation of biiable column 

slurry reactors. 

As worW oil resourees diminish H is becoming more 

attractive to use natoral gas as an energy 
methods of upgrading this to higher hydrocarbon fuels 

are increasing in importance. 

n » therefore an object of »<e invention to provKle a 

reactor which alows continuous method of conducting a 


nxiti-phase catalytic reaction which does not suffer the 
drawbacks of the prior art. 

K is a parlicuUr object of the nvention to provide 
such a reactor which is v»ell suited to use in the conver- 

5 son of natural gas via syngas to diesol fuel. 

Accoiding to the invention, there '» provided a 
aolidyiiquid sluny reaction apparatus which comprises: 
a reaction veesel arranged to receive the slurry; a flltar 
mentMr in contact witti the slurry defining a filtrate zone 
10 which is separated from the slurry and having an outlet 
tor titrate peoduct; means tor establishing a mean pres- 
sue differential across the filter member; means for 
causing fluctuations or osdHadons about the mean 
pressure difterenlial; and means for introducing gase- 
15 ous readants a Other components in ttie form Of gas 

bittles into the slurry. 

Such a system is relatively simple yet effective. The 
separabon step, generally considered to be particularly 
problematic. Is achieved without undue complicalion 
20 and under proper operating conditions the filer member 

is seH-cleaning. 

Preferably, the pressure differential resulte from the 
hydrostatic prossue arising from the filter member 
being submerged in the slurry in ttie reactor. Preferably. 
2s communication between the space above the slurry in 
the slurry reacta and the space above the filtrate in ttie 
titrate sectton prevents ttie build ip of pressure dHf eren- 
tialB in excess of that corresponding to ttie hydrostatic 
pressura The communication may be via a tube 
30 extending between the slurry sectton and the titrate 
section and being open to each. Tlie pressure fkictua- 
twns and oscillations may be caused by the turbulent 
motion of the slurry in the reactor. They may be trans- 
ferred or ertanced. perhaps by resonance effects to the 

35 titrate section, preteraWy via the tilDe. „^ 
Preferably, the amplitude or magnitude of the fluctu- 
abons or oscillations in the pressure dWerential awoss 
ihe fiter mentoer is aboU the same magnitude or 
greater than the mean value of the static pressure differ- 
40 ential Preferably Ihe mean pressure differential across 
the filter men*er should be lapt at a rather low level, 
typically less than 5 mBar (SOOPa). The gas contact 
tube may. in addition to ellecting the communication 
between the gas phase above the slurry and the internal 
*5 p»ts of the filter member, also provide an easy escape 
route for gas which may have penetrated the filter mem- 
tmne and which otheiwise would have become 
entrapped in ttwfirtrate section. 

Gaseous producte a componerts may be allowed 
50 to escape by any convenient means such as a separate 
outlet from the reactton vessel or simply via the tube. 
Experimente carried out suggest that H the gas contact 
tube is closed or severely choked, the titer member 
would rapidly become clogged. Of course, the contact 
55 tube will set a limit to the pressure drop across the filter 
menOer and thus prevent unwanted and damaging 
pressure build-ups. which othenwse would probably 
have occurred when ttiere is a considerable pressure 
drop between internal parts of ttie reactor and ttia outlet 
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side. 

The reaction apparatus may include means for 
laying a pulsabng pressure to the filtrate zone, either 
directly to the filtrate, or to the gas space abo^ the fil- 
trate. Preferably, the pulsating pressure is provided by 
the action of a reciprocating piston in a cylinder. This 
may be in place of a in addition to tt>e above mentioned 
tiiw. 

Preferably, the filter member is in the form of a fitter 
unit defining internally the filtrate zone and which 
Includes a fitter element separating the filtrate zone and 
the slunv zone. Preferably, the fiter element is generally 
cylindrical wid Hs axis is generally vertical In use. 
though it may be inclined by as much as 10 or 30 to the 
verlical. It may be located wrtNn the reaction vessel or 
in a branch member of the reaction vessel In which at 
least a ptft of the slurry phase is allowed to circulate. 
Preferably, the titer element comprises a fined meshed 
screen, helically wound threads, fine vertical threads or 
sintered metal particles. The fitter element material and 
catalyst are preferably selected so that the maximum 
hole or pore size in the filter element is of the same 
order of magnitude as the catalyst particle siza The 
partide size preferably being not less than half the pore 
size, l-lowever. It would be possfcle for the catalyst par- 
ticle size to be larger than the maximum pore size with 
the pore size being of the same magnitude, or less. The 
means for Introducing gaseous reactants or conrpo- 
nents may comprise any suitat»le means such as a bub- 
ble cap plate, a plurality of nozzles, a frit plate, etc. 
preferably located at the bottom of the reaction vessel. 
The reactonts may be CO and H for example from the 
retonning of natural gases, and the products may be 
methanol and higher hydrocarbons. 

The pressure fluctuation value may be of the order 
of the pressure differential, tor example from 1 0 to 200% 
of the pressure differential. The actual value of the pres- 
sure differential may be from 1 to lOOOmBar. preferably 
2to50mBar. 

The pressure fluctuations may be provided by tur- 
bulent flow of the slurry in the reactor and/or by gas bub- 
bles rising on the outside of the fitter element, which 
may themselves give rise to turtxjient flow condHions. 

The vessel is preferably provided with an inlet 
and^ an outlet for liquid reactants or corrponents. The 
filter unit member may be whdy or partly filled with fil- 
trate. Thus, the outlet from the fiter unit may be con- 
nected to the tube from the titrate section above the top 
of the titer unit Alternatively, the outlet from the ffitrale 
section may comprise a tube which is arranged to deter- 
mine the level of the titrate in the titrate section. The fil- 
ter unit may be verticaly adjustable. Preferably the 
titrate level is adjustable with respect to the reactor ves- 
sel. 

Preferably, the reaction vessel is provided with 
means for heat transfer. This may comprise a plurality of 
vertically positioned tubes intended for drculaticn of a 
heat transfer medium. 

The reactor vessel may. o« course, include a plural- 


ity of fiter inits. 

The invention is particularly weN adapted for use in 
a method of converting natural gas (methane) to higher 
hydrocarbon fuels which involves initially burning 
5 reforming the methane to produce cartxjn monoxide 
and hydrogen, subjecting the CO and Hto catalytic con- 
version by a Fischer-Tropsch syntt>esis to form higher 
hydrocarbon fuels such as liqiid paraffin waxes, and 
subsequently separating and/a cracking these prod- 
to ucts to produce the required range of hydrocartx>ns. 

When diesel fuel is produced In this way K is vastly 
superior to conventional diesel in terms of its quality and 
properties. Firstly, It contains no sulphur, which is impor- 
tant from an environmental point of view. Secorxly. it 
t5 has a very high cetane number arKi can therefore t)e 
blended with lower grades of diesel fractions in order to 
produce a product which nr>eets premium range stand- 
ards. Thirdly, it contains virtually no harmful compounds 
that generate soot when buned and needs fewer addl- 
20 tives for proUem free use at low tenperatures. 

The invention nuiy be can-ied into practice in vari- 
ous ways mi some embodinf>ents will now be described 
by way of example with reference to the accompanying 
drawings, in wfvch: 

25 

Figure 1 is a schematic section through a three- 
phase siuny reactor for perfomning a nrwlhod in 
accordance with the invention: 
Figure 2 is a simplified schematic section through a 

30 part of a reactor showing an alternative system for 
achieving the fluctuations in pressure; 
Figures 3. 4 and 5 are views similar to Figure 2 
showing three ways of adjusting the pressure differ- 
ential across the titer member; and 

35 Figures 6 arxl 7 are two further alternative embodi- 
ments. 

The reactor vessel 11 in Figure 1 comprises an 
outer casing 12 deTming the reactor vessel 11 and 

40 wittin the casing 12 afitter untt 13. The housing 12 has 
a gas inlet U at the bottom wNch. in the case of a syn- 
gas conversion process, would constitute the reactant 
inlet. Above the gas inlet 14, there is a gas delivery 
device such as a gas-penneable frit plate 15 which sip- 

46 ports the slurry 16 In the reacta vessel 11. and at the 
top of the casing 12, a gas outlet 17. The gas outlet 17 
IS controlled by a choke or valve 18. The casing also has 
an inlet 19 and an outlet 21 for the skjrry. 

The fiter unit 13 comprises a generally vertical 

so cylindrical titer elenwnt 22 in contact with the slurry 16. 
The filter element is in the form of a fine meshed screen 
though it could alternatively corrprise helicaly wound 
metal threads, sintered metal particles or narrowly sep- 
arated fine vertfoal threads. It houses a constant level 

55 device in the form Of a vertical ppe 23 which terminates 
below the top of the fiter unit 1 3. The pipe 23 leads to a 
Titrate outlet 24 which in turn leads to a coiector 25 and 
to an outlet valve 26. A tube 27 extends from the space 
28 witNn the fiter unit 13 above the top of the pipe 23to 
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the space 29 within th« top of th8 reactor 11 above the 
fiHrate 16. An opening 31 in the tube 27 connects the 
two spaces 28^. 

In operation, gaseous reactants are introduced to 
the reactor vessel 11 via the inlet 14 and the plate 15. 
The reactants form butibles in the slurry 16 which pass 
upwards past the filter unit 13. The slurry 16 consists of 
a liquid phase of the reaction products and a catalyst in 
finely divided form The gaseous reactants react as they 
contact the catalyst, thus adding to the products in the 
slurry. 

At the same time, the products pass through the fil- 
ter element 22 to form a product filtrate 32 which is free 
of catalyst Any gaseous products and unreacted reac- 
tants can be vented throuQ^ the outlet 17 and subse- 
quently treated and/or recycled. The product f atrate 32 
leaves the fitter unit 13 via the constant level device 23 
and outlet 24 and is collected in the collector 25 for reg- 
ulated continuous or periodic remo^/al. 

The difference in level between the slurry 16 and 
the product filtrate 32. determined by the constant level 
device, results in a pressure differential across the fitter 
element 22. This he|)S to convey the liquid product 
through the filter element 22. 

tt might be expected that under these concRtions. 
the catalyst would dog the filter elenrwit howwer, this 
Is found not to be the case, provided that the pressure 
differential is not too great The irrtroduction of the reac- 
tants together with the connection of the gas spaces 28, 
29, and the generally turtxjient conditions in the reactor 
vessel 1 1 combine to cause fluctuations in the pressure 
differential aaoss the f iHer element 22. These in turn 
cause fluctuations in the liquid flow through the filter ele- 
ment 22 resulting in an anti-clogging effect. This may be 
enhanced by the movement off the gas bUibles past the 
surface of the filter elenr\ent 22. 

An alternative embodiment is shown in Figure 2. In 
this case the filter unit 41 has no tube 27 connecting the 
space 28 to the space 29 in the reactor (not shown). 
Instead, a cylinder and piston assembly 42 is connected 
to the space 28. By reciprocating the piston, a pulsating 
pressure is produced resulting in the desired fluctuation 
in the pressue drfferenticri across the filter element 22. 
This arrangenr>ent can off course be used in conjunction 
with the embodiment shown in Figure 1. Comnrwnica- 
tion between the spaces above the slunry and the f iltrale 
may be provided try a tube (not shown) having a restric- 
tion or choke limiting the transmission of pressue 
pulses to the space above the slurry, which would other- 
wise have tended to eliminate the net effect of the recip- 
rocating piston. The tii)e would nevertheless control the 
static pressure differential. 

The constant level device 23 can be made adjusta- 
ble in order to provide a degree of control over the pres- 
sure differentiai aaoes the titer element 22. Three vtrays 
in which this can be achieved are shown in Figures 3. 4 
and 5. 

In the filter unH 51 of Figure 3. both the vertical ppe 
52 and the tube 53 are slidably mounted with respect to 


the filter unit 51 . In the f Iter unit 61 of Figure 4. the ver- 
tical pipe 62 is slidably mounted but the tUbe 63 is fixed 
relattve to the filter unit 61. In the fitter unit of Figure 5. 
the tube 73 is fixed, and the vertical pipe 72 is slidably 

5 mounted within affixed sleeve 74. Thus, the level off the 
titrate 32 remains fixed relative to the filter unit 71 as it 
is raised or lowered. 

The variants shown in Figures 3 to 5 can be com- 
bined with either of the embodiments shown in Figures 

10 1 and 2. 

In the reactor 81 shewn in Figure 6. the outlet 84 
from the filter unit 83 has an tpward loop 85 to ensure 
that the filter unit 83 is fiNed with liquid. In the reactor 91 
shown in Figure 7. there is a tube 97 connecting the gas 

IS space in the reactor to the fittrate. The outlet 94 extends 
tothe bottom of the fitter unit 93 and there is an optional 
connection 96 betiveen the outiet 94 and the space in 
the reactor. This connection 96 would tend to prevent 
any siphon effect and allow any gas remaining In the fil- 

20 Irate to escape. Again, the titer unit 93 will be filled with 
titrate. 

In all the ilustrate embodiments, the geometries of 
tiie reactor, the communication means (eg. the tube 27) 
and the filtrate section may be varied in size and in order 
25 to optimise the pressure fluctuations by oxplotting reso- 
nance-like effects. 

The invention wil now be further ilustrated in the 
following Exanples which were conducted on a labora- 
tory scale. 

30 

EXAMPLE I 

A stainless steel tube, wtth a diameter of 4.8cm and 
a height of approximately 2 meters was filled with a 

55 hydrocarbon liquid and a fine powdered catalyst The 
tube was operated as a slurry bubble column by bub- 
bling gas through the slurry 

A titer unit was placed in the upper part of the reac- 
tor. The fitter unit was made of Sika stainless steel sin- 

40 tered nrwtal cylinder Type R20 produced by tiie 
conpany Pressnf>etall KrebsOge Gmbh. The fitter unit 
had an outer diameter of 2.5cm. a height of 25cm, and 
an average pore size of 20 pm 

In this particular experiment, the reactor was filed 

46 wrth a sluny consisting of a poly a-olefin Wq^td and 
i^Qximatety 10 weight % off afine powdered cobalt on 
akjnina catalyst The particle size ranged from 30 to 
150 pm. The catalyst was kept suspended by gas bub- 
bling throufi^ the liquid. The gas was a mixtu-e off H2. 

so CO and off varying composttion, and was fed witii a 
superficial gas velocity of 4cm^. The temperature in the 
reactor was 230»C and the pressure was 30 bar (3x10® 
Pa). 

The fiHrate level inside the slurry was set approxi- 
55 matelyhaKwayupinthevalve. 

The liquid formed by the Fischer-Tropsch reaction 
in the reactor was withdrawn through the fitter unit. In 
addition, a poly a-olefin iquid fed to the reactor was also 
withdrawn through ttie fitter untt. The IfcMd withdrawal 
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variod from 320 to 2.5 g/h depending on the formation 
rate of the liqukl product, and the feeding rate of the 
hydrocartXKi Iquid. The experiment lasted approxi- 
mately 400 hours, and a toted amount of Iquid of 30 
litres was withdrawn through the filter unit. The liquid 
l0/el In the reactor was constant during the experiment, 
and no colour indicating presence of solid particles 
could be obsen/ed in the liquid. 

EXAMPLE II 

A glass tube, with a diameter of 22cm and a height 
of 2.5 meters was filed with hydrocarbon liquid (Mon- 
santo heat transfer fluid. MCS 231 3) and a fine alimina 
powder (average particle diameter approximalely 
TSpm). The content of alumina was approximately 15% 
by weight The tube was operated as a slurry bOiile 
column (SBC) by bubbling gas through the slurry. 

A filler ment>er without a connection tube between 
the gas volume fidtwe the slurry phase and the gas vol- 
ume above the product phase was placed in the upper 
part of the SBC. The fiter member was made of a sika 
fil 10 stainless steel sintered metal cylinder produced by 
Sintermetallwerk KrebsOge GnnbH. The sinter cylinder 
had an outer dian>eler of 2.5cm. a height of 20cm. and 
an average pore size of lO^m. 

In this particular experiment the slurry level was set 
to be at the top of the sinter cylinder. The pressure 
anplitude in the SBC was measured to be 6mBar, the 
pressure drop across the sinter metal wal was approxi- 
mately 3-4 mBar (300-400Pa). The temperature in the 
slurry was 20'*C. the pressure was 1 Bar (10^ Pa) and 
the gas velocity was approximately 6cm/8. 

At the start of the experiment, the flow off the filtrate 
through the sinter metal cylinder was aboU 1000ml per 
minute. After 4 hours the flow was reduced to zero due 
to clogging of the sinter metal wall on the slurry side. 

When a similar experiment was carried out in an 
apparatus in which communication between the gas vol- 
umes was provided by a piece of pipe acting as a con- 
nection tube, the initial flow rate was maintained 
essentiaHy at the sanw level throughout the experiment. 

Claims 

1. SoSd/Iiquid slun-y reaction apparatus which conrv 
prises a reaction vessel (11) arranged to receive 
the siuny (16) in a slun7 zone; and means for intro- 
ducing gaseous components in the form o* gas 
bubbles into the slurry, characterised by: a filter 
ment)er (13) in contact with the slurry (16) defining 
a filtrate zone which is separated from the slurry 
zone and having an outlet (23) tor fitrate product 
(32); means for establishing a mean pressure differ- 
ential aaoss the fiHer member; and means for 
causing fluctuations or oscillations about the mean 
pressure differential. 

2. Reaction apparatus as claimed in Claim 1 , charac- 


terised in that the pressure differential results from 
the hydrostatic pressure arising from the filter meno- 
ber (13) being submerged in the slurry (16) In the 
reactor. 

5 

3. Reaction apparatus as claimed in Claim 1 a Claim 
2. characterised in that the pressure fluctuations a 
oscillations are caused by the turbulent motion of 
the slurry (16) in the slurry zone. 

10 

4. Reaction apparatus as claimed in any preceding 
Claim, chtf acterised in that a gas space (29) above 
the slurry zone is in communication with the filtrate 
(32) in the fitrate zone or with any gas space (28) 

15 libove the filtrate zone (32). 

5. Reaction apparatus as claimed in Claim 4, charac- 
terised in that the communication is provided by a 
tube (27) extending between the sluny zone and 

20 the filtrate zone and being open to each. 

6. Reaction apparatus as claimed in any preceding 
Claim, characterised by further including a sepa- 
rate outlet (17) for gaseous products or compe- 
ls nentsfromthe reaction vessel (11). 

7. Reaction apparatus as claimed in any preceding 
Claim, characterised in that means (42) for applying 
a pulsating pressure to the filtrate zone is provided. 

30 

8. Reaction apparatus as claimed in Claim 7. charac- 
terised in that the pulsating pressure is provided by 
the action of a reciprocating piston in a cylinder 
(42). 

35 

9. Reaction i^jparatus as ciaimed in any preceding 
Claim, characterised in that the filter member (1 3) is 
generally cylindrical and its axis is generally vertical 
in use. 

40 

10. Reaction i^sparHtus as claimed in any preceding 
Claim, characterised in that the filter member (1 3) is 
located within the reaction vessel (1 1). 

46 11. Reaction apparatus as claimed in any of Claims 1 
to 6. characterised in that the f ilter member (13) is 
arranged in a branch member of the reaction vessel 
(11) in which at least a part of the slurry phase is 
allowed to circulate. 

50 

12. Reaction i^sparatus as claimed in any preceding 
Claim, characterised in that the filter member (1 3) is 
in the form of a filter unH defining internally the fi- 
trate zone and which includes a filter element (32) 

55 separating the filtrate zone and the sluny zone. 

13, Reaction apparatus as ciaimed in any preceding 
Claim, characterised in that the filter element (22) 
oonprises a fine meshed saeen. helically wound 
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threads, fne vertical threads or sintered metal par- 
tides. 

14. Reaction apparatus as claimed in any preceding 
Claim, characterised in that the means for introduc- 
ing gaseous reaclants or components comprises a 
frit plate (15) at the bottom of the reaction vessel 

(11). 

15. Reaction apparatus as claimed in any preceding 
Claim, characterised in that the reaction vessel (1 1 ) 
is provided with an inlet (19) and/or an outlet (21) 
fc)r liquid reactants or components which might 
optionally contain dispersed particulate matter such 
as finely divided catalyst 

16. Reaction apparatus as claimed in any preceding 
Claim, characterised in that the fiKer member (13) is 
arranged to be wholly or partly filled with the filtrate 
product 

17. ReactioniiJparatusasdaimed in Claim 16. charac- 
terised in that the outlet from the filtrate zone com- 
prises a tube (23) which is arranged to determine 
the level of the filtrate in the f itrate (32) zone. 

18. Reaction apparatus as claimed in any preceding 
Claim, characterised in that means are provided for 
adjusting the filtrate level with respect to the reactor 
vessel (11). 

19. Reaction apparatus as claimed in any preceding 
Claim, characterised in that the filter member (1 3) is 
arranged to be vertically acfjustable. 

20. Reaction apparatus as claimed in any preceding 
Claim, characterised in that the reaction vessel (1 1 ) 
is provided with means for heat transfer. 

21. Reaction apparatus as daimed in Claim 20, charac- 
terised in that the means for heat transfer is pro- 
vided by a plurality of vertically positioned tubes 
intended for circulation of a heat transfer medium 

22. Reaction apparatus as daimed in any preceding 
Claim, characterised by a plurality of filter members 
within the reaction vessel. 

PatentansprOche 

1 . Fest-ZFIOssigbreireaklionsapparat der einen Reak- 
tionskessel (1 1) unmaO. angeordnet zur Aufnahme 
des Breis (16) in einer Breizone; und eine Einrich- 
tung zur EinfOhrung von gasfOrmigen Komponen- 
ten in Fornn von Gasblasen in den Brei, 
gekennzelchnet dutch: ein Filterelemert (13) in 
KonUW nit dem Brei (16). der eine RltraUone dsli- 
niert. welche von der Breizone separiert ist und 
einen AuslaB (23) for Fiftratprodukte (32) hat; eine 


Einrichtung zur Erzeugung einesdurchschnittlichen 
DruckSfferentiales Ober das FiHerelement, und 
eine Einrichtung zur Erzeugung von Ruktuationen 
Oder Oszillationen um das durchschnitBiche Druck- 
; GifferentiaL 

2. Reaktionsapparat nach Anspaich 1, dadurch 
gekennzelchnet, da6 das DmchdHferential aus 
einem hydrostatischen Druck resultiert der auch 

w das FiHerelement (13) entsteht wetehes in den Brei 
(16) in dem Reakta untergeAaucht wird. 

3. Reaktionsapparat nach Anspruch 1 oder Anspruch 
2. dadurch gekennzetehnet, daB die Druckfluk- 

15 tuationen oder oszillatk)nen durch eine turbulente 
Bewegung des Breis (16) in der Breizone erzeugt 
werden. 

4. Reakttonsapparat nach einem der vorhergehenden 
20 AnsprOche. dadurch gekennzelchnrt. daB ein 

Gasraum (29) oberhalb der Breizone in Verbindung 
rrtt dem Filtrat (32) in der Rtratzone oder mit jed- 
wedem Qasraum (28) oberhab der FiKratzone (32) 
steht. 

25 

5- Reaktionsapparat nach Anspaich 4, dadurch 
gekennzelchnet, daB die Verbindung durch eine 
ROhro (27) vorgesehen ist, wetehe sk:h zwischen 
der Breizone und der Fittratzone erstreckt und zu 
30 beiden Nn offen ist. 

6. Reaktionsapparat nach einem der vorhergehenden 
AnsprOche, dadurch gekennzelchnet, daB er dar- 
Qber hinaus einen separaten AuslaB (17) fOr gas- 
as fOrrrige Produkle oder Kbmponenten aus dem 

Reaktionskessel (11) einschlieBt. 

7. Reaktionsapparat nach einem der vorhergehenden 
AnsprOche, dadurch gekennzelchnet, daB eine 

40 Einrk^htung (42) zur BeaufscNagung der Fittrat- 
zone mit einem pulaierenden Druck vorgesehen ist 

8. Reaktionsapparat nach Anspruch 7. dadurch 
gekennzelchnet, daB der pulsierende Druck durch 

46 die Tatigkeit eines swh hin- und herbewegenden 
Kobens in einem Zylinder (42) erzeugt wird. 

9. Reaktionsapparat nach einem der vorhergehenden 
AnsprOche, dadurch gekennzelchnet, daB das 

so FiKerelement (13) im wesentlichen zyiindisch Ist 
und seine Achse wfthrend des EinsaUes im 
wesentKchen vertikal ist. 

ia Reaktionsapparat nach einem der vorhergehenden 
55 AnsprOche, dadurch gekennzetehnet, daB das 
Rtterelement (13) innerhab des Reaktionskessete 
(11) angeordnet ist 

11, Reaktionsapparat nach einem der AnsprOche 1 bis 
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6. dadurch gekennzeichrwt, daB dae FitterBle- 
ftmrt (13) in •inem Abzweigelement dM Reakti- 
onske6&el8 (11) angeordnet ist. in dem zumindeet 
ein Tei dar braiartigen Phasa zirkuliaran kann. 

12. Raaktwnsapparatnacheinamdarvorhargahandan 
Ansproche. dadurch gakannzeichnet, da6 das 
niterelement (13) die Form ainer FItereinhait hat, 
wak:ha irrtarn die FHtratzona dafiniart und wak^ha 

ain FiKartei (32) ainscWieet. das dia Rhratzona von io 
der Braizone aapariert 

13. Raakltonsapparatnacheinamdarvorhargahandan 
AnsprOcha, dadurch gakannzeichnat, daB das 
Filtartail (32) aina fainnrwschiga Schaiba, schrau- is 
banffdrmig gawandatta Gewinda. faina vartikala 
Qewinde odar geainterte Metallpanikel unHaBt 

14- Raaktionsapparat nach einem der vorhergehenden 
AnsprOcha, dadurch gakeniuaichnat, daB da 20 
Einrwhtung zur BnfOhrung gastornwger Raaktions- 
teilnahmar odar -komponantan eine vierte Platte 
(15) am Bodan das Raaktionskesaals (11) unifaBt. 

1 5. ReaWtonsapparat nach einem der vorhergehenden 2s 
AnsprCkiia, dadurch gakannzetohnat, daB der 
Reaktk>nskesse) (11) mit einem EinlaB (19) 
und/oder einem AuslaB (21) fOr flQssige Reaktions- 
tailnehmer oder -komponantan varsahen ist de 
optional dispera verteate partikelartige hAasse, wie so 
z.B. feingerteilte Katalysatoren. enthalten. 

16. Reaktk>nsapparat nach einem der vorhergehenden 
AnsprOche, dadurch gekennzeichnet, daB das 
Filtarelement (13) angeordnet ist, urn vollstflndig 55 
Oder teilwetse mit dem Fittratprodukt gefONt zu sein. 

17. ReaktkMisapparat nach Anspruch 16. dadurch 
gekennzeichnet, daB der AuslaB aus der Fittrat- 
zone aina R6hre (23) wnlaBt die angeordnet ist ^ 
urn die HOhe dee FiHrates in der Filtratzone (32) zu 
bestimmea 

18. Reakttonsapparat nach einem der vorhergehenden 
AnsprCkche, dadurch gekennzeichnet, daB eine 46 
Einrichtung zur Einstetlung des Fitratlevels bazug- 
llch des ReaWtonskessels (11) vorgesehen ist. 

19. RaaktkKisapparat nach einem der vorhergehenden 
AnsprOche. dadurch gekennzeichnet, daB das so 
Rltereiement (13) so angeordnet ist daB as vertical 
einstettbar ist 

20. ReaWtonsapparat nach einem der vorhergehenden 
AnsprOche. dadurch gekennzeichnet, daB der 55 
Reakttonskeaael (1 1) mit einer Einrichtung zim Wflr- 
meObertragung varsahen Ist 

21. ReaWtonsapparat nach Anspruch 20. dadurch 


gekennzeichnet, daB die Qnrrchtung zur W&rnDe- 
Obertragung mit einer Vielzahl von vertikal ange- 
adneten R6hren versehen iat, die fOr die 
Zirkulatton eines wftrmalaitandan Mediums vaga- 
sehen sind. 

22. Reaktionsapparat nach einem der vorhergehenden 
AnsprOche. gekennzeichnet durch eine Vielzahl 
von Fiterelennenten innerhaft) des Reaktkinskas- 

Revendlcatlons 

1. Appareil de rtoctton en suspenston solkle/Kquide. 
qui comports un recipient de rtactton (1 1) agenc6 
pour recevoir la suspenston (16) dans una zone de 
suspension; et des moyens pour introduire des 
corrposte gazeux sous la terme de bulles de gaz 
dans la suspeneton. caract6ris6 par: un 6l6ment de 
filtration (13) en contact avec la suspenston (16). 
d^inissant una zone de filtrat qui est 86par6e de la 
zone de suspenston et poss6dant in orif toe de sor- 
tie (23) pour le produH de type filtrat (32); das 
nwyens pour teblir une pression diff6rentieHe 
moyenne ft travers I'6l6ment de filtration: et des 
moyens pour provoquer des fluctuattons ou des 
osdllattons autour de ta presston dW6rentielle 
nmyenne. 

2. Appareil de rtectton tel que revendiqu6 dans la 
revendtoation 1. caract6ris6 en ce que la preeaion 
drff6rentielle provient de la pression hydrostatique 
issue de I'«6n)ent de filtration (13) qui est imn^6 
dans la suspenston (16) ft Tint^rieur du rftacteu. 

3. Appareil de rftacton tel que revendiqu6 dana la 
revendtoatton 1 ou dans la revendicatton 2. caractft- 
ris6 en ce que les fluctuattons ou les oscillations de 
presston sont provoquftes par le mouvenr>ent turbu- 
lent de la suspension (16) dans la zona de suspen- 
ston. 

4. Appareil de rftaction tel que revendiqu^ dans I'une 
quelconque des revendications prteMentes, 
caract6ris6 en ce qu'un espace gazeux (29) au- 
dessus de la zor^e de suspension est en communi- 
catton avec le filtrat (32) dans la zone de filtrat ou 
avec un espace gazeux quelconque (28) au-deesus 
delazonede fitrat(32). 

5. Appareil de reaction tel que revendiquft dans la 
revendtoatton 4, caract6ris6 en ce que la communi- 
catton est foumie par un tube (27) s'fttendant entre 
la zone de suspension et la zone de fitrat tout en 
6tant ouvert aur chacune. 

6. Appareil de rtection tel que revendiqu6 dans Tune 
des revendicattons pr6cidentes, caract6ris6 en ce 
qu1l comporte en outre une ouverture d'ftvacuation 
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6^par6e (17) pour lee produits ou lee compoeante 
gazeux provenant du r^dpient de rtaction (11). 

7. Appareil de rtection tel que revendiqu6 dans Tune 
quelconque dee revendication6 prteddentes. s 
caract6rie6 en ce que eont pr6vus dee moyene (42) 
pour appliquer una pression puisne la zone de ti- 
tration. 

8. Appareil de rtection tel que re^endiqu6 dane la io 
re/endication 7, carad^ried en ce que la preasion 
puMe est foumie par la preesion d'un piston alter- 
nattf k llnt^teu d*un cylindre (42). 

9. Appareil de rtection tel que revendiqu6 dans rur>e is 
quelconque dee revendlcations pr6c6dente8, 
caract6ri86 en ce que r6l6nient de filtration (13) est 

en r^le g6nMe. cylindrique. et que son axe est. 
en r^e g^n^ale. vertical en utilisation. 

20 

10. Appareil de reaction tel que revendiqu6 dans Tune 
quelconque des revendicatiorts pr6c6dentes, 
caract6ns6 en ce que l'6ldnrient de f ittration (1 3) est 
dispose d rint6rieur du rteipient de reaction (1 1). 

25 

11. Appareil de rtaction tel que revendiqu6 dans I'une 
quelconque dee revendications 1 k 6, caractdris^ 
en ce que t'6l6nient de filtration (13) est agenc6 
dans un 6l6ment de derivation du recipient de reac- 
tion (1 1 ) dans lequel la circulation d'une partie de la 3o 
phase de suspension est permise. 

12. Appareil de reaction tel que r9vendiqu6 dans rur>e 
quelconque des revendications pr6c6dentes, 
caract6ris6 en ce que r6l6nnent de filtration (1 3) est 35 
sous la fornne dun organe de mration d6f inissant, k 
rinterieur. la zone de f iltrat et qui comporte un M- 
ment de filtration (32) s^parant la zone de f iHrat et 

la zone de suspension. 

40 

13. Appareil de reaction tel que revendiqu6 dans I'une 
quelconque des ravendications pr6c6dente6, 
caracterisd en ce que reiement de filtration (22) 
comporte une nnembrane k fines mailles, des fis 
enrouies de fagon hdlicoldale. des f ils fins verticaux 46 
ou des parlicules metalliques frittees. 

14. Appareil de reaction tel que revendiqu6 dans rur>e 
quelconque des revendications pr6c6dentes. 
caracteris6 en ce que les moyens pour tntroduire so 
des r^actifs ou des compoeants gazeux compof- 
tent une plaque fritl6e (15) au fond du recipient de 
reaction (11). 

15. Appareil de reaction tel que revendiqu6 dans Tune ss 
quelconque des revendications precedentes, 
caracterise en ce que le recipient de reaction (1 1) 

est pourvu dixie ouverture d entree (19) et/ou 
d'une ouverture de sortie (21) pour les reactiffs ou 


les conposants liquides qui peuverrt contenir. facul* 
tativenr>ent. une nurtiere particUaire disperses telle 
qu'un catalyseur finement divise. 

16. Appareil de reaction tel que revendique dans I'une 
quelconque des revendications precedentes, 
caracterise en ce que retenient de filtration (13) est 
agence pour etre, totalement ou partielennent rem- 
pli du produft de type filtrat 

17. Appareil de reaction tel que revendiqu6 dans la 
revendication 16. caracterise en ce que rouverture 
de sortie de la zone du f itrat comporte un tube (23) 
qui est agence pour determiner le niveau de filtrat 
dans la zone (32) de f ittrat 

1& Appareil de reaction tel que revendique dans Tune 
quelconque des revendications precedentes. 
caracterise en ce que des ntoyens sont prevus pour 
regler le niveau de filtrat par rapport au recipient de 
reaction (11). 

19. Appareil de reaction tel que revendique dans Tune 
quelconque des revendications precedentes. 
caracterise en ce que reiement de fihration (13) est 
agence pour etre reglable verticalement. 

20. Appareil de reaction tel que revendique dans Tune 
quelconque des revendications precedentes. 
caracterise en ce que le recipient de reaction (1 1) 
est pourvu de moyens pour un transfert thermique. 

21. Appareil de reaction tel que revendique dans la 
revendication 20, caracterise en ce que les moyens 
pour le transfert thermique sont fournis par une plu- 
ralite de tubes verticalement poeitionnes, qJ sont 
destines k la circulation dun milieu de transfert 
thermique. 

22. Appareil de reaction tel que revendique dans Tune 
quelconque des revendications precedentes, 
caracterise par une pluralite d'eiements de titration 
e rinterieur du recipient de reaction. 
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